Purpose -To propose an infrastructure of a knowledge-based system to capture and maintain the procurement information and purchasers' knowledge, regarding how to choose partners in the supply chain network, with the adopting of the neural networks that mimic the operation of human brain to generate solutions systematically.
Introduction
To compete in the ever-changing global market, it is crucial for the manufacturing firms to be able to exploit and develop its competitive advantages and achieves low cost productions by seeking reliable venders who provide the best value supplies to the firms. Most of the manufacturing firms rely heavily on the purchasers' expertise and personal network to make decision on the selection of vendors. Indeed, it is critical for manufacturers to maintain and exploit the purchasers' knowledge and expertise for the long-term benefit of the corporation (Davenport, 1997) . Knowledge management is a set of business processes that capture and deliver the collective experience. Corporations are investing seriously in the development of knowledge management systems, especially the professional services firms, e.g. consultant firms, accounting firms, etc. Ofek and Sarvary (2001) identified the reasons why knowledge managements are emerging the professional services firms. Growth and globalization are part of the objective as both created the opportunity to utilize the dispersed experience of the expertise in the firms. Another key reason of deployment of knowledge management system is due to the recent advances in the information technologies that enable the firms to build systems that integrate and collaborate the experts' experiences that ensure the companies provide better services to the customers. Therefore, knowledge management becomes a crucial tool for the corporations to survive in the volatile marketplace and to achieve competitive edge (Tiwana, 2000) . There is no doubt that knowledge is one of the organization's most valuable resources, indeed, there are companies that treat knowledge as an asset, just as real as any other assets that appear on the companies balance sheet. For example, Skandia performs an internal audit of the company's intellectual properties and issues annual reports to stockholders to prove the investors the value of Skandia's knowledge capital (Davenport and Prusak, 2000) .
In order to manage knowledge efficiently in an organization, the companies have to define where the knowledge is kept, for instance, the memos, reports, presentations, press articles, etc., then put these unstructured forms of data into knowledge repositories. In fact, these knowledge repositories can be categorized into three types:
(1) External knowledge, such as the journal articles and market research information on the competitors.
(2) Structured internal knowledge, such as the bills of materials, product specifications, and production procedures.
(3) Informal internal knowledge, such as know-how, in the minds of people in the organization (Davenport and Prusak, 2000) .
In order to build a system with a knowledge repository that captures and embeds the value added knowledge and able to enhance the ability of decision making in the corporation, it is necessary to build the knowledge based system that has the capabilities in categorizing and sorting out tremendous amount of data while generating information to support decision making with intelligence features. For example, for the internal knowledge repository, Hewlett-Packard's electronic sales partner has added value to their repository through careful categorization and filtering. Therefore, the proposed system encompasses hybrid artificial intelligence (AI) technologies, on-line analytical processing (OLAP) applications and neural networks. The system repository captures the procurement data and vendors' information that are generated in the workflows to ensure the knowledge and structured information are captured without additional time and effort. The proposed system obtains useful information related to the trend of sales demand in terms of customer preference and expected requirement using the OLAP module and then based on this information, the neural network provides a recommendation related to the supported suppliers that are capable to fulfill the requirements. The OLAP module is responsible to categorize, access, view, and analyze the data in the repository and generate inputs to feed the neural networks. For the neural network module in this research, the feed-forward back-propagation network is selected to build a system, which enhances decision making in choosing the most appropriate vendors. However, it should be noted that other neural network's configurations, such as feed backward back propagation, could also be used.
When the trained network is available, it is possible that recommended action can be obtained with the purpose to rectify some hidden problems, should that occur at a later stage. Therefore, in the training process of the neural network, the nodes of the input layer of the neural network represent the data from the OLAP and those of the output layer represent the predictions and extrapolations.
Related studies
Today's industrial environment is rapidly changing due to global competition as well as fast advances of information technology. The major activity of manufacturing firms is no longer confined to product productions but lies in the systematic managing of knowledge in order to create products that meet customer's needs.
'' The learning process of a human is through repetitive learning cycles which is similar to the learning process of a neural network. ''
It had been proven that the best way to capture and share knowledge is to embed knowledge management into the job of the workers, and to ensure that knowledge management is no longer a separate task that requires additional time and effort to input what they have learned and to learn from others. Partners Healthcare, a Boston-based umbrella organization that included Brigham and Women's Massachusetts General, and several other hospitals and physician's groups, had adopted an information technology system that is built with this concept. The system was built by targeting on the essential work process (the physician order entry) and formally reported problems (drug allergies and lab reports). The system was linked to a massive repository that contains constantly updated clinical knowledge and patient's records so that the physicians can handle the medical facts when providing a consultation for the patients. A controlled study illustrated that the system reducing the medication errors by 55 percent, improvements on prescribing the proper drugs, and prescribing cheaper but more effective drugs for patients. These improvements not only saved lives but saved money as well (Davenport and Prusak, 2000) . Turban (1988) , Mockler (1989) and Ba et al. (2001) had examined the development of a knowledge-based and decision-support system from a management point-of-view. They had studied the incentive issues in the information system areas of knowledge management and supply chain coordination. They outlined the requirements for designing incentive-aligned information systems, such as embody the right incentives so that users would not have an incentive to cheat the system nor be better off by distorting the information. On the other hand, Ofek and Sarvary (2001) studied how knowledge management affects competition among the professional service firms in terms of reducing operating costs and creating added value to customers by significantly increasing the product quality. They analyzed the competitive dynamics and market structure that emerge as the result of the firms competing with knowledge management systems and their study showed that knowledge management leads to quality improvement, and the higher ability to leverage the customer base was able to actually lower profits and lead to industry shakeout. These research studies had studied knowledge management from a management prospective and how a knowledge-based system affected business operations. On the other hand, some researchers proposed models and system architectures for knowledge-based systems.
A number of researchers had proposed and developed knowledge-based systems with the agent technology. Koch and Westphall (2001) presented the work on an application of distributed artificial intelligence for computer network management by implementing the software platform using an intelligence autonomous agent. Alternatively, Montaldo et al. (2003) proposed an agent-based architecture that was applied to workflow management system to manage new functionalities, such as customer relationship management in electronic commerce. They proposed architecture use agent technology to distribute the intricacies of managing manufacturing workflow information according to the complexity of the enterprises.
Besides agent technology, a number of studies had been found to use the OLAP system for decision support and knowledge discovery purposes. Tan et al. (2003) assessed the opportunities and challenges of the combination of data warehousing and web technology in terms of efficiency improvements, security, key success factors, and benefits. They found that a combination of data warehouses, analytical applications, and internet technologies were able to eliminate the reporting and analysis processes, which truly exposed the power of the web. Moreover, Thomas and Datta (2001) had proposed a concept model of data cube and algebra to support OLAP operations in a decision support system. The algebra '' The major activity of manufacturing firms is no longer confined to product productions but lies in the systematic managing of knowledge in order to create products that meet customers' needs. '' provided a means to concisely express complex OLAP queries for knowledge discovery and enhanced the overall ability of the knowledge-based system to implement OLAP applications with the standard relational database technology.
Furthermore, Weigend et al. (1999) addressed the recent trend of increasing electronic access to documents through text categorization that becomes the center of knowledge management. In their study, they had brought upon the problems of using a divide-and-conquer strategy that mimicked the hierarchical structure of knowledge that was ignored in flat inference models and provided the internal structure of the categories in order to improve text categorization performance.
Moreover, Davenport and Prusak (2000) positioned the knowledge technologies: knowledge component, case-based reasoning, constraint-based, expert systems, web, notes, and neural nets, into dimensions that distinguish different types of knowledge technologies in terms of time to find a solution and level of user knowledge required. Among the knowledge technologies, web, notes, and neural networks required a high level of user knowledge and a lot of time to find a solution. Furthermore, Kumar and Olmeda (1999) and Fowler (2000) had studied knowledge discovery and management with the employment of artificial intelligence (AI) technologies, such as case based reasoning, knowledge based system, neural networks, etc. Both studies found that by embedding hybrid AI technologies they are able to outperform all the individual methods in terms of performance in knowledge discovery. However, there was a void of research in the infrastructure of the hybrid AI technologies for knowledge discovery. Therefore, to fill the gap in the research, we proposed the infrastructure of a knowledge-based system that captures and maintains information and expert knowledge, and proposes a solution to users.
System infrastructure
It is indeed difficult to capture and embed informal knowledge that resides within minds of people into a system. McDonnell Douglas, which is now part of Boeing, tried to develop an expert system that contains the expert knowledge to determine the aircraft are positioned properly for landing. They gathered the human knowledge of the ground crews by interview and over-the-shoulder observation. The system took two years and a tremendous amount of resources to capture the human expertise that demonstrated how difficult it is to capture and embed tacit knowledge in a system (Davenport and Prusak, 2000) . However, it would be less time consuming and less resources are needed to develop a system that captures and embeds structured knowledge. For the proposed system, the transaction data and vendor's data are selected to be the input because they are structured information which are easier to be captured through transaction documents and embed the data into the system.
The primary objective of the system is that it should generate outputs that should be as good as or even better than the decision made by an expert would have made, provided that the same set of input data is given. The learning process of a human is through repetitive learning cycles which is similar to the learning process of a neural network. Therefore, a neural network is selected to be part of the hybrid system to take advantage of its capability to operate with incomplete data to generalize, abstract, and reveal insight (Wasserman, 1989; Sharda, 1994; Kasabov, 1999) . A neural network is a statistically oriented tool that excels at using data to classify cases into categories (Davenport and Prusak, 2000) . Neural networks ''learn'' patterns from data directly by examining the data repeatedly, searching for relationships, automatically building models, and correcting the model's own mistakes over and over again (Dhar and Stein, 1997) . In other words, neural networks build models from data by trial and error.
Data analysis capabilities become crucial as a tremendous amount of information is pouring into the company through different mediums, while the company itself is creating loads of information as well. Data mining tools become popular as they identify and characterize interrelationships among multivariable dimensions without requiring human efforts to formulate specific questions. It is concerned with discovering newfound and vital information, which enables the executives to find out the undiscovered facts from the valuable data. Nowadays, there are many off-the-shelf data mining applications. For example, Microsoft SQL server, which has incorporated with OLAP technology, provides services in accessing, viewing, and analyzing large volumes of data with high flexibility and performance (Thomsen, 1999; Peterson, 2000) . According to the definition of OLAP Council, OLAP is a:
Category of software technology that enables analysts, managers and executives to gain insight into data through fast, consistent, interactive access to a wide variety of possible views of information that has been transformed from raw data to reflect the real dimensionality of the enterprise as understood by the user (Inmon, 1992) .
The OLAP tool is used to assist decision makers in creating appropriate knowledge and models by browsing the related data groups, and defining the model-based relations between the data groups (Lau et al., 2001) . It creates multidimensional views of data in relational databases. It has the capabilities to manipulate and analyze large volumes of data from multiple perspectives (Laudon and Laudon, 2000) . The key of adopting OLAP is that it enables executives to gain insight to a wide variety of possible views of information with quick and interactive access (Forman, 1997) . Most importantly, OLAP has the ability to provide managers with information that they need to make effective decisions related to an organization's strategic directions. It generates a multidimensional view of aggregate data to provide quick access to strategic information for further analysis by its special drill-and-slice functionality. It has ability to provide just-in-time information for effective decision-making. Using OLAP, executives are able to access information buried in the database and to analyze data across any dimension and at any level of aggregation (Lau et al., 2001 ).
Nevertheless, OLAP technology lacks the ability in predicting and forecasting forthcoming events or alerting the possible unnoticed mishaps (Lau et al., 2002) . Therefore, an intelligent element is needed to enhance the performance of the decision support system. A neural network is therefore suggested to complement the OLAP technology in the proposed system infrastructure, taking advantage of neural network learning and intelligence capability. A neural network, also known as connectionist set, is a set of simple but highly interconnected processing elements that are capable of learning information that is presented to network; it is a system arranged in patterns similar to biological neural nets and is modeled like the human brain (Dhar and Stein, 1997) . However, the neural network's limitation is that its input and output variables are linked together based on a ''black-box'' mechanism and therefore cannot be easily explained. This drawback is now dealt with the approach of OLAP that adopts traditional data management technology. Like other simulation models, the neural network substitutes the real system in predicting and controlling system responses for the purpose of dynamic control. It is a technology that has been used for prediction, clustering, classification, and alerting of abnormal patterns (Haykin, 1994) .
The proposed system contains a knowledge-based system, which encompasses an OLAP module and a neural network module. The knowledge-based system extracts data from system repository which stores the transaction data and vendors' information and enshrine the data in OLAP to take advantage of its provision of multi-dimensional views on the scattered data and generation of aggregated data to gather and provide the vendors' information for further assessment (see Figure 1 ). As mentioned above, OLAP is lack of intelligence function; a neural network is built to complement the deficiency of OLAP. A neural network is responsible for assessing the candidate vendors based on their performance history, and to benchmark against the product desire relevant criteria with the best-of-class performance measure. A neural network can be effectively applied to a vast array of problems and data, many of which have been thought to be too complex or lack sophisticated theoretical models. Furthermore, neural networks do not learn by adding representatives to their knowledge base, instead, they learn by modifying their overall structure in order to adapt to the contingencies of '' Neural networks have been found to be very good at modeling complex and poorly understood problems. '' the world they inhabit (Sauter, 1997; Luger and Stubblefield, 1998) . Indeed, neural networks have been found to be very good at modeling complex and poor understood problems for which sufficient data are collected (Dhar and Stein, 1997) . Most importantly, neural networks are especially suitable when used as a forecasting and further analysis tool because it is capable to find a solution based on categorizing a multi-dimensional input vector and thereby selecting an appropriate output vector (Fowler, 2000) . A benchmarking process that is part of the neural network module is used to select the most appropriate vendors, providing the relevant facts and data that are needed as input for the projected performance. Specific measures should be aligned with strategic objectives to ensure that the factors for benchmarking are consistent with the corporate goals. The benchmarking process predicts, based on the industry past data, how well or how poor the vendors will perform over the forthcoming period of time. Since the system predicts the performance of the vendors with the machine-learning feature based on historical data, neural network lends itself to be the most appropriate method with its power for generating a forecast.
System implementation
The OLAP module provides analytical capabilities and the neural network model benchmarks the vendors to suggest the most suitable vendor. It is assumed that the companies using the system already have records of the best-of-class vendor performance as a benchmarking reference in its relevant industry and detailed information on the vendors. The procedures and operations of the system are shown in Figure 2 .
Before the implementation of OLAP, the calculated member is constructed by the measures. The first step of the process is to identify the criteria in terms of quality, cost, and delivery schedule based on the new product requirements. The purpose of the OLAP module is to collect data related to the procurements and vendors, and generate aggregated data to feed the neural network. The OLAP module is capable of providing insights to the data by putting the data into multi-dimensional views. The OLAP module evaluates the vendor based on six assessment factors: (2) Product methodology.
(3) Materials.
(4) Production cost.
(5) Delivery time.
(6) Defect rate.
Each of the factors would have a weight (W) that signifies the importance of the relevant factor. The OLAP aggregated the data to generate the seven assessment factors and assesses each by applying the weight on each factor to generate scores (S):
The OLAP module maintains the information about each vendor with vectors containing the following factors: product code, product type, production methodology, materials, production cost, defect rate, delivery time, vendor name, vendor phone, customer service, production methodology score, quality score, production cost score, delivery time score, and customer service score. To identify the competency of the potential vendors, the total weight score of each of the vendors is compared with an ideal score assigned that depends on the product type. For example, the ideal score for product type code C95-G81M is 0.85. Any vendor with total weighted score higher than 0.85 would be considered as suitable candidate and further analysis would be carried out to identify the best vendor among the selected group who meet the threshold. However, if no vendor meets the threshold, the system would advise the user to seek new vendors or lower the threshold qualification level.
With the OLAP module being regarded as a front-end part, the neural network module is employed as a back-end part of the proposed system. The neural network module is made to evaluate the selected vendors, which are identified in the OLAP module, who are the best among the group to undertake the specific purchase order for the parts of a product. With the data results from the OLAP module, this module analyzes the vendors' relevant characteristics of which are necessary to meet the standard of the product (see Figure 3) . The input layer of the neural network includes three categories:
(1) Quality: the quality standard of the vendor is measured by the defect rate and scrap rate of the materials supplied.
(2) Cost: the cost includes the material cost and delivery cost.
(3) Delivery schedule: the delivery schedule describes the records of on-time delivery. All of which are abstracted from past company performance records, are studied and utilized.
Each category is assigned with a score ranging from 1 (poor or low) to 7 (excellent or high).
For the neural networks consists of 15 input nodes (five sets of the last five records including quality, cost and delivery schedule) and five output nodes (various suggested action to be taken) are used, as shown in Figure 4 . The historical records each associated vendor is submitted to the input layer of the neural network. After processing, the neural network will give an output node that is the score that includes the performance value on reliability of quality, consistence of delivery time, and competitiveness of cost. To identify the most qualified vendor, the output score is then compared with the best-in-class performance standard to benchmark the vendor's performance, and judged against the expected Figure 3 Neural network mapping standard score of the specific product to see the fitness of the vendor's performance with the product desire quality and standards. Figure 5 showed an example of the performance record of a vendor with the vendor's quality, cost, and delivery schedule. From the example, one can see the trend of delivery is improving with an upturn tendency of quality. However, the cost is fluctuating dramatically, which may suggest that the vendor is putting afford in high quality and delivery on time, but the vendor may still have difficulty in controlling the cost. After the vendor is selected and the purchase order is issued, performance reviews of the selected vendor are carried out continuously with the latest data captured by the system repository to update the records. This would be able to ensure the system is acquiring more knowledge and experience through the learning process over time. It is important to note that the performance of the neural network depends heavily on the training sets of data. In other words, enough training for the neural network model is essential, especially trained with the actual purchasing orders in which decisions have been made rather than with the data that is not realistic. Furthermore, it is desirable to have better distribution of training sets that cover as many situations as possible.
Case example
To validate the proposed system, a prototype has been developed and tested in GPP Limited, which produces plastic toys and premium products in Hong Kong and exports their products directly to customers in the US, Europe, and Japan. The company manufactures toys for a number of worldwide cartoon companies; it produces products based on the customer needs.
The company has a procurement department that is responsible to purchase raw materials and parts from all over the world. However, as the company expands rapidly and works with numerous numbers of vendors, the purchasing staffs is now facing the problems in identifying the appropriate vendors for specific product parts and raw materials. The procedures that GPP Ltd used to select the vendors were based on the experience of the purchasing staff. However, problems have occurred due to the purchasing staff turnover, and the selection process often leads to unexpected outcome such as late delivery, high defect rate, etc. In addition, the vendor selecting process is inconsistent as the decisions are made with subjective views of the purchasing staff.
The hybrid system encompassing OLAP and neural network was built using Visual Basic as the main development program with Qnet (qnetv2k.com) for the implementation of neural network module. GPP Ltd provides sets of historical records of the performance of vendors who have supplied materials and parts to GPP Ltd, as well as best-in-class performance measures of the industry.
The new product that is used to test the system is a cartoon character plastic watch -Super FaFa Watch. GPP Ltd decided to assemble the watch in-house and order all the parts from vendors to reduce production cost. The product specifications are shown in Table I .
To identify the potential vendors after identifying the assessment factors, the next step is to assign the weights to the relevant factors. The factors include the production methodology score, quality score, production cost score, delivery time score, and customer service score, and the weights are 0.3, 0.2, 0.4, 0.1, and 0.1 respectively. A total weighted score is calculated for all the vendors and the vendors who have total weighted score of more than 0.75 are chosen and considered to be potential vendors who are suitable to supply the parts and materials based on the given product specifications. Four vendors have a total weighted score of more than 0.75 and they are PP Ltd, SWS Ltd, WY Ltd, and KCC Ltd.
Training for the neural network is necessary to ensure the neural network produces reliable outputs. GPP Ltd trained the network with 120 sets of historical data based on previous actual results. The vendors selected from the OLAP module would be compared with their performance against the best-in-class performance and the product (Super FaFa Watch) desire quality and standard. The factors that are fed into the neural network include quality, cost, and delivery schedule. Figure 6 shows the latest five records of the selected vendors. The quality of supply of PP Ltd is dropping, so as its delivery schedule was not always on time. However, PP Ltd is able to offer better discount to GPP Ltd over time. Indeed, it is difficult to tell the projected performance of PP Ltd as the trends are fluctuating without a consistent path. There is an upward trend on all the characteristics of SWS Ltd. In other words, SWS Ltd is able to supply quality parts and delivery on time, but it also charges a higher price over time.
In contrast, WY Ltd offers more discounts to GPP Ltd and it is able to deliver on time, but the quality of its supplied products is having a downturn. It would be difficult to predict the future performance of WY Ltd since there are ups and downs in different areas based on the historical data.
Lastly, KCC Ltd is able to provide quality supplies and offer more discounts in the recent transactions. However, it is in generaly unable to deliver on time.
After such information has been input, the neural network module gives an assessment report back to the user, thus supporting the user to take action if deemed necessary. In Table II , ''0'' output from the neural node indicates a negative suggestion to the associated statement and ''1'' is the positive suggestion whereas ''0.5'' indicates that there is not enough data to justify a firm suggestion.
Figure 6 Selected vendors performance
Based on the analysis by the neural network, the results of benchmarking with the best-in-class performance and the product desire quality and standard, KCC Ltd is suggested by the system.
To evaluate the performance of the proposed system, GPP Ltd has used the proposed system to select vendors for a number of products and has compared the results with the decision made by the purchasing staff. The result is shown in Table III and indicates that the adoption of the proposed system is able to choose the right vendors, however, there is room for further improvement of the proposed system and the system is expected to produce more accurate output as the neural network is trained with more data.
Evaluation
From the case example, one can find that the system has embedded the knowledge of the purchasing staff and is able to make decisions for selecting suitable vendors consistently based on the historical performance of the vendors and the requirements of the product. Although the proposed system is able to provide impressive results, the system still has some limitations. The maintenance and amendment of the system requires a thorough understanding of the system and relationships among the parameters. In order to increase the system accuracy, the management of the feedback system plays a vital part in the system maintenance. The information engineer is responsible to learn the needs of the enterprise, and to be able to define requirements in order to learn how to design an enterprise-wide information system.
Since the neural network is built with sets of historical data, it is difficult to guarantee the network will provide satisfactory results, especially when the network is used in different situations where the input feed into the network is not from the same domain. Moreover, the neural network does not have the sensibility characteristic like the purchasing staff; it is not able to identify the environment changes which need to re-adjust the output to fit the environment, which leaves room for further improvement to the system.
To make sure that the predicted variable could be adjusted in response to change in the performance of vendors, updated data should be fed into the repository and passed to the neural network for training regularly. 
Conclusion
Economic organizations always devote their full efforts to obtain the best available information in order to make information decisions. The proposed system that embedded human knowledge with the OLAP system and the neural network has been described in the paper. It demonstrates the benefits of using combinations of technologies to form an integrated system, which capitalizes on the merits and at the same time offsets the pitfalls of the involved technologies. The unique feature of this knowledge-based system has been tested with impressive results while comparing with the decisions made by the purchasing staffs. Further research and development of the system can be done to expand the system domain and to provide flexibility to the system that allows users to add more related factors for analysis in order to enhance the quality of decision making in choosing the most appropriate vendors.
